Abstract. Lung cancer is the leading cause of cancer-associated mortality worldwide. Previous studies have demonstrated that long non-coding RNAs (lncRNAs) serve important roles in diverse biological processes. However, the molecular function and prognostic value of the majority of lncRNAs in non-small cell lung cancer (NSCLC) remain unknown. The present study investigated the expression of the lncRNA GABPB1 intronic transcript (GABPB1-IT1) in NSCLC tissues using publicly available databases. Subsequently, protein-protein interaction (PPI) and co-expression networks were constructed to identify key targets of lncRNA GABPB1-IT1. Furthermore, gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis were performed to investigate the potential roles of lncRNA GABPB1-IT1. The current study identified that the expression of GABPB1-IT1 was significantly downregulated in NSCLC samples compared with normal samples. Furthermore, the expression levels of GABPB1-IT1 were lower in high grade NSCLC samples compared with low grade NSCLC samples. Additionally, overexpression of GABPB1-IT1 in cancer samples was associated with improved survival of patients with NSCLC. GABPB1-IT1 was revealed to be involved in the regulation of cell cycle-associated biological processes, including sister chromatid cohesion, mitotic nuclear division, DNA replication, chromosome segregation, G1/S transition of mitotic cell cycle, mitotic cytokinesis and cell division. Finally, a GABPB1-IT1-associated protein-protein interaction network was constructed for NSCLC. To the best of our knowledge, the present study was the first to demonstrate that GABPB1-IT1 is associated with the prognosis of NSCLC. The current study provides useful information to assist with the investigation of potential candidate biomarkers for diagnosis, prognosis and drug targets for NSCLC.
Introduction
Long non-coding RNAs (lncRNAs) are a class of non-coding RNAs, which consist of >200 nucleotides that are not translated into proteins (1, 2) . Previous studies have revealed that lncRNAs serve important roles in various types of human disease by regulating gene transcription, epigenetic modifications and cell proliferation (3, 4) . In previous studies, an abnormal expression of lncRNAs has been observed in different types of cancer, including lung, liver, gastric, prostate and breast cancer (5, 6) . Notably, lncRNAs have been demonstrated to possess significant potential prognostic value for cancer. For example, it has been reported that the sensitivity of the lncRNA prostate cancer antigen 3 is higher compared with prostate-specific antigen for the urinary detection of prostate cancer (7) . Decreased expression of the lncRNA SLC7A11-AS1 predicted a poor prognosis in gastric cancer (8) . Higher LINC00959 expression has been negatively associated with Tumor-Node-Metastasis (TNM) stage, distant metastasis and lymphatic metastasis, and negatively correlated with improved prognosis in colorectal cancer (9) . Therefore, investigation of cancer-associated lncRNAs could provide novel insights that assist with the identification of biomarkers for cancer.
Lung cancer, including small cell lung carcinoma and non-small cell lung carcinoma (NSCLC), is the leading cause of cancer-associated mortality worldwide in 2018 (10) . In the USA, lung cancer was estimated to account for 26% of all cancer-associated mortalities in 2017 (11) . In China, ~730,000 new cases of lung cancer were diagnosed in 2015 and 610,000 lung-cancer associated mortalities were reported (12) . In the USA, despite improvements in lung cancer treatment, the 5-year survival rate for lung cancer remains as low as ~15% in 2018 (13) . NSCLC is the predominant type of lung cancer and accounts for 80% of lung cancer cases (14) . A number of lncRNAs have been identified to be associated with NSCLC Identification of a novel lncRNA GABPB1-IT1 that is downregulated and predicts a poor prognosis in non-small cell lung cancer progression. For example, the lncRNA small nucleolar RNA host gene 1 promotes NSCLC progression via an upregulation of metadherin by sponging microRNA (miR)-145-5p (15) . The lncRNA X-inactive specific transcript has been reported to promote the transforming growth factor-β-induced epithelial-mesenchymal transition by regulating the miR-367/141-zinc finger E-box binding homeobox 2 axis in NSCLC (16) . In addition, Lai et al (17) identified that the lncRNA myocardial infarction associated transcript promotes NSCLC proliferation and metastasis via matrix metallopeptidase 9 activation. However, to the best of our knowledge, the molecular function and prognostic value of the majority of lncRNAs in NSCLC remain unknown. The present study investigated the expression of the lncRNA GABPB1 intronic transcript (GABPB1-IT1) in NSCLC tissues using publicly available databases. Subsequently, the associations between GABPB1-IT1 expression and the characteristics of patients with NSCLC were evaluated. Protein-protein interaction (PPI) and co-expression networks were constructed to identify key targets of GABPB1-IT1. Furthermore, gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses were performed to investigate the potential roles of GABPB1-IT1. The present study provides useful information that may assist with the investigation of potential candidate biomarkers for diagnosis, prognosis and drug targets for NSCLC.
Materials and methods
Microarray data and data preprocessing. The gene expression data of lung adenocarcinoma (LUAD) and lung squamous cell carcinoma (LUSC) were downloaded from The Cancer Genome Atlas (TCGA; https://cancergenome.nih.gov/) database. TCGA data was downloaded from cBioPortal (http://cbioportal.org). The methods of biospecimen procurement, RNA isolation and RNA sequencing were performed as previously described by the Cancer Genome Atlas Research Network (18) . Patient clinical features, including age at diagnosis, overall survival time, disease-free survival time, pathological tumor (T) stage and node (N) stage, were retrospectively obtained from patient records. All the patients were staged using the 2009 TNM classification of the American Joint Committee on Cancer/International Union Against Cancer (19) .
Survival analysis. Kaplan-Meier plotter (KM plotter) is a web tool that predicts the effect of genes on survival (kmplot.com/analysis/index.php?p=service&cancer=lung version: 2016.04.08) (20) . By entering the gene of interest into the website, patients were divided into two groups according to the expression level of the gene and the survival rate was statistically analyzed. The hazard ratio with 95% confidence intervals and the log-rank P-value were calculated and presented for each analysis.
Co-expression network construction and analysis. The Pearson correlation coefficient of GABPB1-IT1-mRNA pairs was calculated according to the expression value. The co-expressed GABPB1-IT1-mRNA pairs with a Pearson correlation coefficient ≥0.30 were selected to generate a co-expression network using Cytoscape software (version 3.4.0; www.cytoscape.org/). According to this cut-off value, ~5% (896/18,603) of the mRNAs were included in this co-expression network. The Cytoscape MCODE plug-in was used for visualization of the co-expression networks.
Construction of a PPI network and module analysis.
To predict protein interactions, including physical and functional associations, the present study used the Search Tool for the Retrieval of Interacting Genes (STRING) database (21) to construct a PPI network of GABPB1-IT1 co-expressing mRNAs. The associations of the proteins encoded by the DEGs were analyzed using STRING and a combined score >0.4 was used as the cut-off criterion. In addition, Cytoscape software 3.4.0 (http://cytoscape.org/download_old_versions.html) was used for visualization of the PPI networks (22) . Following the construction of the PPI network, a module analysis of the network was performed using the Cytoscape MCODE plug-in with the following criterion: Degree cut-off ≥2 (23) . Additionally, Network Analyzer (a plug-in for Cytoscape) was used to compute the basic properties of the PPI network, including the average clustering coefficient distribution, closeness centrality, average neighborhood connectivity, node degree distribution, shortest path length distribution and topological coefficients (24) .
GO & KEGG pathway analysis.
To identify functions of the DEGs in NSCLC, GO functional enrichment analysis was performed for the following three categories: Biological process, cellular component and molecular function. In addition, KEGG pathway enrichment analysis was performed to identify pathways enriched in NSCLC using the database for annotation, visualization and integrated discovery (DAVID) (https://david.ncifcrf.gov/). P<0.05 was considered to indicate a statistically significant result.
Statistical analysis. All statistical analyses were performed using R software version 3.3 (Detail in https://www.r-project. org) and GraphPad Prism 6 software (GraphPad Software, Inc. La Jolla, CA, USA). All numerical data are presented as the mean ± standard deviation of a minimum of three determinations. Statistical comparisons between two groups of normalized data were performed using a Mann-Whitney U test. Differences among multiple groups were analyzed by one-way analysis of variance (ANOVA) following Bonferroni post hoc test. P<0.05 was considered to indicate a statistically significant difference.
Results

lncRNA GABPB1-IT1 is downregulated in NSCLC.
The expression levels of GABPB1-IT1 in NSCLC were analyzed using TCGA data from cBioPortal (www.cbioportal.org/). As presented in Fig. 1A , analysis of the TCGA LUAD dataset revealed that the expression level of GABPB1-IT1 was significantly lower in tumor tissues compared with normal tissues. To further validate this result, the TCGA LUSC dataset was analyzed, which also revealed a significantly lower expression level of GABPB1-IT1 in tumor samples compared with normal tissues (Fig. 1C) .
To further evaluate the possible prognostic value of GABPB1-IT1, LUAD and LUSC RNA-seq data from TCGA were analyzed. It was identified that GABPB1-IT1 expression was significantly lower in patients with stage I (P<0.001), II (P<0.001), III (P<0.001) and IV (P<0.001) NSCLC compared with the normal controls (Fig. 1B and D) . Furthermore, it was revealed that the expression level of GABPB1-IT1 was significantly lower in high grade NSCLC samples (stages III and IV) compared with low grade NSCLC samples (stages I and II; Fig. 1B and D) .
Downregulation of GABPB1-IT1 predicts a poor prognosis in NSCLC.
Kaplan-Meier analysis was performed to determine whether GABPB1-IT1 expression was significantly associated with disease-free survival and overall survival time in patients with NSCLC by analyzing TCGA LUAD dataset. The median GABPB1-IT1 expression level in NSCLC tissues was used as the cut-off value to divide all cases into high and low GABPB1-IT1 groups. The results revealed that the overall survival and disease-free survival rates were significantly higher in the GABPB1-IT1-high group compared with the GABPB1-IT1-low group ( Fig. 2A and B) . These results indicate that GABPB1-IT1 expression could serve as a biomarker to predict the outcome of NSCLC.
Subsequently, the Kaplan-Meier plotter database was used to comprehensively analyze the association of lncRNA GABPB1-IT1 expression with the survival rates in various types of LUAD. As presented in Fig. 3 , the overall survival time was lower in the GABPB1-IT1-low groups compared with the GABPB1-IT1-high groups for all LUAD cases, female LUAD cases and male LUAD cases (Fig. 3A-C) and for stages I, II and III LUAD cases (Fig. 3D-F) .
Co-expression network analysis and enrichment analysis of GABPB1-IT1 in NSCLC.
The present study performed co-expression network analysis to predict the potential role of GABPB1-IT1 in NSCLC by calculating the Pearson correlation coefficient of GABPB1-IT1-target pairs. A Pearson correlation coefficient ≥0.30 was selected as the cut-off value to identify potential GABPB1-IT1 targets in NSCLC. The co-expression network, constructed using Cytoscape, is presented in Fig. 4 . In total, the network included 896 mRNAs.
DAVID was used to perform GO and pathway analysis of the co-expressing genes of GABPB1-IT1. GO analysis revealed that GABPB1-IT1 was predominantly involved in 'sister chromatid cohesion', 'mitotic nuclear division', 'DNA replication', 'regulation of transcription', 'positive regulation of protein localization to Cajal body', 'chromosome segregation', 'G1/S transition of mitotic cell cycle', 'mitotic cytokinesis', 'cell division' and 'sarcomere organization' (Fig. 5A) . Furthermore, the molecular functions of GABPB1-IT1 were associated with 'nucleic acid binding', 'DNA binding', 'ATP binding', 'damaged DNA binding' and 'metal ion binding' (Fig. 5B) .
KEGG pathway analysis revealed that GABPB1-IT1 was primarily enriched in pathways associated with 'Cell cycle', 'Fanconi anemia pathway', 'One carbon pool by folate', 'RNA transport', 'Proteasome', 'Base excision repair', 'Primary immunodeficiency', 'Oocyte meiosis', 'DNA replication' and 'Arachidonic acid metabolism' (Fig. 5C ).
Construction of a GABPB1-IT1-associcated PPI network.
Based on the STRING database, a PPI network was constructed to predict the interaction associations among 896 GABPB1-IT1 co-expressed proteins in NSCLC (combined score >0.4). Following the construction of the PPI network, a module analysis of the network was performed using the MCODE plugin (degree cut-off ≥2).
Three hub-networks associated with lncRNA GABPB1-IT1 were identified. As presented in Fig. 6 , one hub-network contained 46 nodes, including DEPDC1, CCNA2, SKA3, TPX2, HMMR, FOXM1, NCAPG2, CENPN, CDKN3, MCM10, ESPL1, RAD51AP1, MAD2L1, SHCBP1, CHEK1, EXO1, CDT1 and FEN1, and 964 edges (Fig. 6A) . Another hub-network contained 17 nodes, including SRSF5, ACLY, ALYREF, TARS, SRSF11, TCP1, CCT5, EIF4A3, MTHFD1L, SF3B2, EFTUD2, RBM5, PCF11, CCT7, MAT2A, TMX3 and STIP1, and 67 edges (Fig. 6B) . The final hub-network contained 11 nodes, including C3, GNAQ, GPR55, GRM6, GABBR1, ADRA2C, GNRH1, LTB4R2, GNRHR2, ADCY4 and NPFF, and 28 edges (Fig. 6C) .
Discussion
Lung cancer is the leading cause of cancer-associated mortality worldwide and the 5-year survival rate for lung cancer is as low as ~15% (13) . In China, ~730,000 new cases of lung cancer were diagnosed in 2015 and >610,000 lung cancer-associated mortalities were reported (12) . Previous studies have demonstrated that lncRNAs are associated with lung cancer prognosis and a number of lncRNAs have been reported to be dysregulated in lung cancer. For example, Luo et al (25) identified that the lncRNAs RP5-821D11.7, APCDD1L-AS1 and RP11-277P12.9 were associated with the prognosis of lung squamous cell carcinoma. Overexpression of lncRNA MetaLnc9 in human NSCLC samples has been correlated with a poor prognosis, and has been revealed to promote migration and invasion of NSCLC cells in vitro, and enhance lung metastasis formation in vivo (26) . The present study demonstrated that GABPB1-IT1 expression was significantly downregulated in LUSC and LUAD samples compared with normal samples by analyzing TCGA datasets. Furthermore, it was identified that GABPB1-IT1 expression was lower in high grade NSCLC samples compared with low grade NSCLC samples. Using Kaplan-Meier analysis, the present study revealed that higher expression levels of GABPB1-IT1 in NSCLC were associated with an improved survival time in different types and stages of LUAD, including female, male, stage I, stage II and stage III LUAD samples. To the best of our knowledge, the current study is the first to report that GABPB1-IT1 may serve as a biomarker for NSCLC. Previous studies have revealed that lncRNAs serve important roles in various types of human disease by regulating expression of protein-coding genes through transcriptional, post-transcriptional and posttranslational regulation. For example, the lncRNA small nucleolar RNA host gene 20 has been demonstrated to promote NSCLC cell proliferation and migration by epigenetically silencing p21 expression (27) . The lncRNA long intergenic non-protein coding RNA 673 has been identified to promote NSCLC metastasis by binding with enhancer of zeste 2 polycomb 2 and causing epigenetic silencing of homeoboz A5 (28) . The present study revealed that GABPB1-IT1 may serve as a biomarker for NSCLC; however, the functional roles of GABPB1-IT1 remain largely unknown. The current study performed co-expression analysis for GABPB1-IT1 and then used DAVID to perform GO and pathway analysis for the Figure 5 . Enrichment analysis of GABPB1-IT1 in non-small cell lung cancer. Gene ontology functional enrichment analysis was performed for (A) GABPB1-IT1-related biological process terms and (B) GABPB1-IT1-related molecular function terms. (C) GABPB1-IT1-related KEGG pathway analysis. GABPB1-IT1, GABPB1 intronic transcript; KEGG, Kyoto Encyclopedia of Genes and Genomes; ATP, adenosine 5'-triphosphate.
co-expressed genes. GO analysis revealed that GABPB1-IT1 was predominantly involved in cell cycle and proliferation by regulating a number of cell cycle-associated biological processes, including 'sister chromatid cohesion', 'mitotic nuclear division', 'DNA replication', 'regulation of transcription', 'chromosome segregation', 'G1/S transition of mitotic cell cycle', 'mitotic cytokinesis and cell division'. Molecular functions showed GABPB1-IT1 was mainly involved in regulating DNA binding, suggested that GABPB1-IT1 may participate in the regulation of targets transcription. KEGG pathway analysis identified that GABPB1-IT1 was primarily enriched in pathways associated with 'Cell cycle', 'Fanconi anemia pathway', 'One carbon pool by folate', 'RNA transport', 'Proteasome', 'Base excision repair' and 'Primary immunodeficiency'. Furthermore, a GABPB1-IT1-associated PPI network was constructed for NSCLC. Taken together, the results of the present study indicate that GABPB1-IT1 co-expressing genes were involved in regulating cell proliferation, such as MCM10 and CCNA2.
In conclusion, to the best of our knowledge, the present study is the first to report that GABPB1-IT1 is associated with the prognosis of NSCLC. Low GABPB1-IT1 expression levels were observed in NSCLC samples and were revealed to be associated with poor survival of patients with NSCLC. Furthermore, potential roles for GABPB1-IT1 in the regulation of the cell cycle were identified and a GABPB1-IT1-associated PPI network was constructed for NSCLC. In summary, the present study may assist with the identification of new therapeutic and prognostic targets for NSCLC. 
